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Abstract: This project had two key results. The first was developing a new method for detecting faults in 
the operation of the heating, cooling and economizer subsystems of rooftop air‐conditioning units. 
Improved fault detection will reduce energy consumption and increase energy efficiency, which will 
reduce greenhouse gases and other air emissions that contribute to air pollution. The method employed 
techniques from signal processing and time series analysis to evaluate the correlation among measuring 
parameters and to assess the presence or absence of faults in the system. This project had two key results. 
The first was developing a new method for detecting faults in the operation of the heating, cooling and 
economizer subsystems of rooftop air‐conditioning units. Improved fault detection will reduce energy 
consumption and increase energy efficiency, which will reduce greenhouse gases and other air emissions 
that contribute to air pollution. The method employed techniques from signal processing and time series 
analysis to evaluate the correlation among measuring parameters and to assess the presence or absence of 
faults in the system. 
I. INTRODUCTION 
This report, focuses on Self-Correcting HVAC 
Controls:  Algorithms for Sensors and Dampers in 
Air-Handling Units, document the work performed 
and results of this project. Physical and control 
faults are common in HVAC equipment and 
systems, both built up and packaged.  Today, large 
commercial buildings use sophisticated building 
automation systems (BASs) to manage a wide and 
varied range of building equipment. While the 
capabilities of BASs have increased over time, 
many buildings still do not fully use their 
capabilities.  Furthermore, most commercial 
buildings are not properly commissioned, operated 
or maintained, which leads to inefficient operation, 
increased energy use, and reduced lifetimes of the 
equipment.  
It is also common for building systems to run 24-
hours per day even though the building is 
unoccupied for many hours each day. These are a 
few of the common conditions found that cause 
substantial energy waste in our commercial 
building stock. Although there are no reliable 
nationwide or comprehensive Pacific Northwest 
data on the prevalence of such faults or energy 
impacts associated with inefficient operations, 
there is a general consensus that 10 to 30% of the 
energy is being wasted Although monitoring and 
automated diagnostic tools can increase the 
awareness of building operators, owners, and 
HVAC service providers to the presence of 
operation faults in HVAC systems and equipment, 
information alone does not correct these faults.  
Action is required to correct faults and improve 
operational efficiency 
II. RELATED WORK 
By using these rules in conjunction with proactive 
testing, which would be implemented for short 
periods of time through the control system, the 
authors are able to isolate and characterize faults 
adequately to implement simple mathematical 
corrective schemes that showed promise for 
implementation as embedded code in control 
systems.  One of the rule sets was implemented in a 
simple interactive computer-based example.  No 
physical testing was completed as part of this initial 
examination of self-correcting controls for HVAC 
components and systems        
III. VARIABLE AIR VOLUME (VAV) 
SYSTEMS (For Intelligent System) 
A variable air volume (VAV) HVAC system 
changes the quantity of air supplied to a space in 
response to changes in loads. This is a major 
operational difference from the four constant 
volume systems discussed in Part 1foundation of the 
estimation, and its importance cannot be 1 above -- 
and opens up a number of energy-efficiency options.   
 VAV system offer savings in energy over 
CAV during part load conditions. Airflow 
reduction brings about a corresponding 
reduction in fan horsepower required to move 
lesser amount of air. Furthermore, the lesser 
flow rate across the cooling coil causes the 
leaving air temperature to fall or if water coil is 
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used, causes the water to leave at a lower 
temperature. In response the refrigeration 
system is throttled back to stabilize the supply 
air temperatures, which also result in energy 
savings of main plant.  
 CAV system is suitable for use in areas having 
similar cooling requirements. Typical 
applications include the electrical equipment 
rooms where constant heat dissipation from 
equipment dominates over fluctuating loads 
because of exterior transmission.   
 CAV systems generally have lower first costs 
and do not pose many operational problems as 
with VAV systems.   
 Let’s study the VAV system further…  
 A central air-handling unit supplies air through 
a common duct pathway to all spaces 
conditioned by the unit. As shown in Figure 
below, each zone is provided with a VAV box 
(terminal control box) that adjusts air supply 
volume in response to the zone thermostat. The 
temperature of air supplied by the air-handling 
unit may be varied occasionally to adapt to 
building-wide changes in loads, but instant 
control of each zone is achieved through 
modulation of supply airflow rate.   
 Below illustrates a typical setup of a VAV 
system and its components 
 The variable airflow volume is achieved by 
VAV boxes. The boxes have a modulating 
damper that throttles in response to the 
thermostat setting. When the indoor 
temperature conditions vary from the set point, 
the VAV box damper responds by restricting 
or increasing the supply air volume to the 
space.   
With energy conservation and rising energy costs 
today, almost all (~98%) of the systems being 
installed are single duct; with 75% being VAV and 
23% being constant volume. To keep with the idea 
of energy savings and individual control the variable 
air volume (VAV) systems is a good idea.   
 
The variable airflow volume is achieved by VAV 
boxes. The boxes have a modulating damper that 
throttles in response to the thermostat setting. When 
the indoor temperature conditions vary from the set 
point, the VAV box damper responds by restricting 
or increasing the supply air volume to the space.   
With energy conservation and rising energy costs 
today, almost all (~98%) of the systems being 
installed are single duct; with 75% being VAV and 
23% being constant volume. To keep with the idea 
of energy savings and individual control the variable 
air volume (VAV) systems is a good idea. 
Ideally the air-handling unit serving the VAV 
distribution network should be provided with 
variable frequency drive (VFD) to alter the fan 
speed in relation to the airflow demand. This is still 
more energy efficient way.   
A VAV system can be exceptionally energy 
efficient, but may also present serious indoor air 
quality concerns. As airflow is reduced from design 
quantities under part-load conditions, it also means 
reduced ventilation airflow as well. It is a potential 
indoor air quality problem –ASHARE 62 standard 
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IV. BUILDING MANAGEMENT SYSTEM 
AND HVAC EQUIPMENT 
1. Installation, testing, and calibration of all sensors, 
transmitters, and other input devices shall be 
provided to meet the system requirements.  
2. All input device references to be understood as to 
be “where required to meet the intent of the 
sequences of operation” B. Temperature Sensors  
1. General Requirements:  
a. Sensors and transmitters shall be provided, as 
outlined in the input/output summary and sequence 
of operations.  
b. The temperature sensor shall be of the resistance 
type, and shall be either two-wire 1000 ohm nickel 
RTD, or two-wire 1000 ohm platinum RTD.  
c. The following point types (and the accuracy of 
each) are required, and their associated accuracy 
values include errors associated with the sensor, 
lead wire, and A to D conversion: 
2. Room Temperature Sensors:  
a. Room sensors shall be constructed for either 
surface or wall box mounting. 
 b. Room sensors shall have the following options 
when specified on the project plans:  
V. CONCLUSION 
Building Management Systems are most commonly 
implemented in large projects with extensive 
mechanical, HVAC, electrical, and plumbing 
systems. Systems linked to a BMS typically 
represent 40% of a building's energy usage; if 
lighting is included, this number approaches to 70% 
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